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FIGURE 1-5 RBE versus dose for the curves of Figure 1-4. Dashed line, low dose rate;
solid line, high dose rate.

radiations, including x rays, neutrons, and alpha particles. Human risk
estimates for low-LET radiations are available for many effects from various
populations, including the Japanese atomic-bomb survivors; however, the
recent revision of the dosimetry from Hiroshima and Nagasaki essentially
negates previous RBE estimates for neutrons obtained from the Japanese
data (see Annex 4-2). For neutrons, therefore, human risk estimates must
result from a two-step process, namely, low-LET effects data from human
studies and RBE estimates from animal experiments.

The body of radiobiological data available indicate that, in principle,
RBE increases with decreasing dose, with limiting higher values generally
reached at low doses or at low dose rates. This relationship results from
the fact that the dose-response for low-LET radiation is often a linear-
quadratic function of dose, whereas for neutrons it approximates a linear
function of dose.

In general, the biological effects of x rays or gamma rays decrease
with fractionation or reduction in the dose rate, whereas with neutrons the
effectiveness per rad remains the same or even increases as the dose rate
is reduced or the time over which the dose is delivered is protracted. For
this reason, the RBE is usually quite different for a protracted exposure
from that for a single acute exposure.